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Porcine reproductive and respiratory syndrome (PRRS) is characterized by reproductive disorders in sows and pneumonia in piglets. 3, 25 This disease emerged in North America in 1987 and subsequently in Europe in 1990. It is now prevalent in many pigbreeding countries around the world. The causative agent of PRRS is the porcine reproductive and respiratory syndrome virus (PRRSV), which is classified as a member of the order Nidovirales, family Arteriviridae, genus Arterivirus, together with lactate dehydrogenase elevating virus, equine arteritis virus, and simian hemorrhagic virus. 2 PRRSV is an enveloped virus with a positive-sense, single-stranded RNA genome.
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The viral genome is approximately 15 kbp long and encodes 9 open reading frames (ORF1a, 1b, 2a, 2b, 3, 4, 5, 6, 7) that are transcribed into a nested set of subgenomic messenger RNAs. 22 The replication of PRRSV in a cell culture is highly restricted to swine alveolar macrophages (SAM) 5, 25 and a few established cell lines; MARC-145, 9 CL2621, 3 and CRL11171. 15 Some PRRSVs propagate in either SAM or these cell lines, and the others do it in both cell types. 1, 20 There are 2 types of PRRSVs, which are distinguished genetically and antigenically, 14 called the North American type and the European type. Each virus type shows considerable genetic variations. 14, 23 The geographic distribution of the 2 virus types are roughly separated; the North American-type viruses are distributed in North America and Asia, whereas the European-type viruses are restricted in Europe. However, the coexistence of the 2 virus types was reported in 2 17 and the PCR primers for 1st for NA-2/EU-2, NA-2, and EU-2 were reported by Kono et al. 10 The boxes, arrows, and bars represent the PRRSV ORFs, the primers and the regions amplified by PCR, respectively. The original names of the primers are on either side of the arrows. The names of the primer pairs tentatively used in this study are above the bars, and the predicted sizes are below the bars. countries. In Denmark, field isolates of the vaccinederived North American-type viruses were reported. 13 In Canada, both the North American-type and European-type viruses have been detected from pigs 5 months after their import from the Netherlands. 4 The 2 type viruses differ in the efficacy of vaccination by the North American-type or European-type vaccine against reciprocal challenges with the North American-type or European-type virus. 24 Thus, the emergence of a different genotype threatens to complicate the detection of the virus or viral genome and the diagnosis and control of the PRRSV infections.
The Japanese PRRSVs were isolated from the early 1990s samples of pigs affected with reproductive or respiratory disorders. 11, 16, 20, 21 In 1994, PRRSV had widely spread into Japan. 16, 20 About 40 Japanese viruses isolated from samples collected between 1990 and 1994 were serologically classified into the North American type, 16, 20 and sera from pigs with the PRRSlike disease showed a higher frequency of positive reaction against the North American-type virus antigens than against the European-type virus antigens. 16 This study's objective was to determine the genotypes of the Japanese PRRSVs by reverse transcriptase-polymerase chain reaction (RT-PCR) using the ''common'' and ''type-specific'' PCR primer pairs. These primers were designed to amplify viral regions around ORF5 or ORF7 10, 17 (Fig. 1 ). The ORF5 encoding the enve-lope glycoprotein is most polymorphic among the PRRSV ORFs, and the ORF7 encoding the nucleocapsid protein is intermediately conserved. 8 Tissue samples of lungs, tonsils, or sera were collected from pigs clinically suspected as PRRS by the Livestock Hygiene Service Centers of 15 prefectures (Iwate, Yamagata, Fukushima, Ibaraki, Tochigi, Saitama, Niigata, Ishikawa, Yamanashi, Shizuoka, Shiga, Osaka, Yamaguchi, Ehime, and Saga) of Japan in 2001 and kindly provided to this laboratory. A total of 66 samples including 27 sera, 26 lungs, and 13 tonsils were collected from 66 different pigs on 49 farms. Fifty-three infectious PRRSVs were isolated from tissue homogenates or sera with SAM or MARC-145 in this laboratory, and 2 PRRSVs, the Gu922M strain 11 and the isolate Jtg1, were provided by Dr. H. Kuwahara, Nippon Institute for Biological Science, and by Dr. T. Saito, Tochigi Livestock Hygiene Service Center, respectively. Of the 55 infectious viruses, 4 were collected in 1992, 11 in 1993, 39 in 2000, and 1 in 2001 from 55 pigs on 42 farms.
The total RNA was extracted from 200 l of 10% tissue homogenates, sera, or supernatants of the PRRSV-infected cell cultures using a commercial kit. a The complementary DNA (cDNA) was synthesized with random primers and a reverse transcriptase derived from the Moloney murine leukemia virus using a commercial kit. b The PCR primers used in this study were reported 10, 17 and are shown schematically in Fig.  1 . In this article, these primers were renamed tentatively. The Common primers are predicted to be ''common'' to both the North American and European types, and the NA-1/EU-1 primers 17 and the NA-2/EU-2 primers 10 are ''specific'' to the North American type or the European type. One PCR was performed for an amount of cDNA equivalent to 0.66 mg of tissue or 6.6 l of serum or culture supernatant with a mixture of the Taq and Tgo DNA polymerases. c The PCR conditions were identical to those described previously. 10, 17 The PCR products were electrophoresed on 2% agarose gel, stained with ethidium bromide, and observed under UV transillumination. When a PCR product with the predicted size was amplified, the sample was judged as positive.
Using the Common primers, 17 PCR products of about 650 bp (expectedly 660 bp for North American type and 637 bp for European type) were detected from 66 tissue samples. They were then analyzed with the North American type-specific primers (NA-1 and NA-2) and the European type-specific primers (EU-1 and EU-2). The NA-1 and NA-2 primers detected the viral genomes from 50% (33/66) and 100% (66/66) of the tissue samples, respectively (Table 1 ). In contrast, neither of the European type-specific primers amplified the expected PCR fragments. 0 (0) 0 (0) * The Common, NA-1, and EU-1 primers were described by Oleksiewicz et al. 17 The NA-2 and EU-2 primers were described by Kono et al. 10 † The tissue samples were collected from 15 prefectures; Iwate (6, 8) , Yamagata (8, 11) , Fukushima (1, 1), Ibaraki (0, 6), Tochigi (2, 3), Saitama (0, 4), Niigata (2, 9) , Ishikawa (1, 4), Yamanashi (1, 3), Shizuoka (0, 1), Shiga (5, 7), Osaka (1, 1), Yamaguchi (4, 5), Ehime (1, 2), and Saga (1, 1). The 2 numbers in parentheses indicate the number of NA-1-positive samples and NA-2-positive samples.
‡ The infectious viruses were isolated from 23 prefectures; Hokkaido (4, 4), Aomori (2, 3), Iwate (1, 2), Yamagata (1, 3), Fukushima (4, 4), Ibaraki (7, 7), Tochigi (1, 1), Gunma (1, 1), Saitama (1, 1), It should be noted that 2 other samples, excluded from Table 1 , showed an unreasonable reactivity; 1 sample of lung homogenate was positive with the Common, NA-1, and EU-1 primers, and the other sample of serum was positive with the Common primers but negative with all the type-specific primers. All the fragments were almost identical in size to the expected PCR products. The nucleotide sequences of all these PCR products were determined d,e by a direct sequencing with the PCR primers or by inserting the PCR products into the plasmid pCR 2.1 f and sequencing with the M13 forward (Ϫ20) and M13 reverse primers. For the former multipositive sample (lung), the PCR products amplified with the Common and NA-1 primers had sequences highly homologous to the North American-type viruses, whereas the EU-1 generated fragment was unrelated to the PRRSV genome (data not shown), indicating a nonspecific PCR reaction with the EU-1 primers. Thus, this sample should be the North American type. As for the latter sample (serum), the PCR product amplified with the Common primers was unrelated to the PRRSV genome (data not shown), indicating a nonspecific PCR reaction. Furthermore, these 2 nonspecific amplifications were not consistently reproducible. Therefore, these 2 samples were excluded from the result ( Table 1) .
Fifty-five infectious PRRSVs were subjected to the PCR-based genotyping. All the viruses were reactive with the Common primers. The NA-1 and NA-2 primers amplified PCR fragments from 47 (85%) and 55 (100%) of the viruses, respectively, whereas neither the EU-1 nor EU-2 primers amplified the PCR fragments (Table 1) . No ambiguous reactivity was observed with any primer pairs.
Eight of the 55 infectious PRRSVs (15%) were not detected with the NA-1 primers, although the NA-2 primers were reactive to all these viruses (Table 1) . Because these 8 viruses had infectious titers comparable with the other NA-1 reactive viruses (data not shown), the nonreactivity with the NA-1 primers may not be because of a lower quantity of the template viral genomes but of a lower homology with their target genomes. Thus, nucleotide sequencing was performed for the NA-1 primer-binding regions of these 8 nonreactive viruses in addition to 7 reactive viruses that were randomly selected as positive controls, followed by PCR amplification of the viral genomes with the 13586F (5Ј-GTGGTATTTGGCAATGTGTC-3Ј) and 14652R (5Ј-CTCCAGGTTTCTATGGCTGA-3Ј) primers ( Fig. 1) that are located about 113 bp upstream or 135 bp downstream from the NA-1 forward-or reverse primer-binding sites. Nucleotide mismatches unique to the nonreactive viruses were particularly localized within the 3Ј four bases of the reverse-primer region, whereas all the other mismatches of the reactive and nonreactive viruses to the NA-1 primers were more than 7 bases away from the 3Ј termini of both primer regions, except for the isolate Jam2 (Fig. 2) . The isolate Jam2, despite its successful amplification by the NA-1 primers, had a mismatch located at the second base from the 3Ј end of the forward primerbinding site. In general, match of the 3Ј end of a primer to a template DNA is important in the primer extension step of PCR. 19 Thus, the mismatches in the 3Ј end of the NA-1 reverse primer would be responsible for the nonreactivity of the NA-1 primers to these viruses.
To determine whether the mismatches in the 3Ј terminus of the NA-1 reverse primer were limited to Japanese isolates, other PRRSV sequences were searched on the DDBJ/EMBL/GenBank database. Five of 67 North American-type viral genomes (AVC19381, IAF-DESR, PrimePac vaccine, P129, and SP) were found to have the identical mismatches (Fig. 2 ). This suggests that this region has sequence variations even in PRRSVs isolated in other countries.
The PRRSV strains vary in their cell tropism. 1, 20 A possible correlation between the nonreactivity to the NA-1 primers and the cell tropism of the viruses was tested. Among the 39 viruses the authors initially isolated with SAM and then tested the tropism to MARC-145 cells, viruses detectable with the NA-1 PCR primer pair were 91% (20 of 22) in the MARC cell tropic virus group and 71% (12 of 17) in the nontropic virus group. A statistical analysis by Fisher exact probability test indicated that the MARC-145 cell tropism was not significantly associated with the reactivity to the NA-1 primers (P ϭ 0.111).
The present study indicated that all the PRRSV genomes derived from 66 tissue samples and the 55 infectious viruses isolated in Japan were typed as the North American type. This may be consistent with the previous studies in which about 40 Japanese infectious viruses showed an antigenic property of the North American-type virus, analyzed by indirect immunofluorescence assay (IFA) and immunoperoxidase monolayer assay. 16, 20 These results indicate no or low prevalence of the European-type virus in Japan but are unexpected because the possibility of a previous introduction of the European-type viruses into Japan was considered high. Major routes of PRRSV transmission into uninfected swine herds are thought to be the introduction of infected pigs and the use of semen contaminated with the virus. 12 Japan has been importing many pigs mainly from England and the United States. According to a recent Annual Report of Animal Quarantine of Japan, 8,333 pigs were imported from 1991 to 2000, over 60% of which were from European countries, where the European-type viruses were epidemic. 18 From 1995 to 2000, 9,144 ampoules of swine semen were imported, although after 1997, 4,679 ampoules were only from the United States. The Japanese quarantine started in 1993 to restrict the import of pigs carrying PRRSV antibodies by testing with the IFA using both virus-type antigens, and after 1998, the enzyme-linked immunosorbent assay was applied in addition to IFA. These tests could detect both the North American-type and European-type viruses. Therefore, it is most conceivable that the majority of the PRRSV strains now endemic in Japan may have been introduced through imported pigs or semen by 1993, when PRRSV was already prevalent in this country. 7, 11, 16, 20, 21 The 2 North American type-specific RT-PCR systems designed for genotyping PRRSVs 10,17 were compared for suitability for Japanese PRRSVs whose sequence variations are not known. The NA-2 primers may be more efficient than the NA-1 primers because the NA-2 primers are used in the nested PCR step, whereas the NA-1 primers are used in the first PCR step. The amplification efficiency is also dependent on the quality and quantity of the template DNAs. This article demonstrates that the lower detection efficiency of the NA-1 primers would mainly result from the nucleotide mismatches between the 3Ј end of the reverse primer and the target sequences (Fig. 2) .
Since the type-specific PCR primers were developed in 1996 10 and 1998, 17 much PRRSV sequence data has been accumulating in the DDBJ/EMBL/GenBank database. This research was extended to simulate the suitability of these primers for these deposited sequences. A remarkable frequency of mismatches within 4 bases from the 3Ј end of each primer was found with the EU-2 reverse primers (56%, 53 of 95) ( Table  2 ). Mismatches were also found at slightly high frequencies with the NA-1 reverse primer (7%, 5 of 67), the EU-1 reverse primer (11%, 1 of 9), and the EU-2 forward primer (11%, 1 of 9). These observations do not negate the results of genotyping because all the samples were positive with both the Common primers and the NA-2 primers, although negative with the EU-2 primers (Table 1 ). However, it is highly recommended to use suitable PCR primers for the diagnosis of the disease because the PRRSVs show a high genetic variation even in a limited area. 6 For example, the possible unreactivity of the EU-2 reverse primer against about a half of European-type viruses may be overcome by using slightly modified reverse primers, such as one deleted only 1 base from the 3Ј end of the EU-2 primer, because 94% (50 of 53) of the mismatches are located at 1 base from the 3Ј end of the primer (Table 2) . * The Common, NA-1, and EU-1 primers were described by Oleksiewicz et al. 19 The 1st for NA-2/EU-2, NA-2 and EU-2 primers were described by Kono et al. 12 † Values given in parentheses are in percentage. ‡ Hungary ABV 32-13 (AF298882). § F1 (AF030306). Danish DK111-92 (AJ223078). ¶ F1 (AF030306). # VR2385 (U20788) and strain with no name (U03040). ** IAF-DESR (U64930) and P129 (AF494042). † † AVC19381 (AF188680), SP (AF184212) and PrimePac PRRS vaccine (AF066384) in addition to**. ‡ ‡ IAF-DESR (U64930). § § SG1 (L39369) and MO1 (L39367) in addition to ‡ ‡. 93-22330 (AF043953), 23bD (AY209218) and strain with no name (U03040). ¶ ¶ Quebec 807/94 (Z82995) and 31D (AY209228) in addition to. ## Hungary ABV 32-13 (AF298882). *** 3391/93 (AY035942 Abstract. Nasal flush samples were collected from 20 cats and submitted for Mycoplasma culture and polymerase chain reaction (PCR). Nasal biopsy samples were also obtained from each cat and simultaneously evaluated for Mycoplasma by standard culture and PCR. Concordance of the test results was determined through calculation of the kappa statistic. In 6 cats, nasal flush samples were culture positive for Mycoplasma. PCR was positive in each culture-positive cat and also positive in 1 flush sample that was culture negative. DNA sequencing of the PCR product from the culture negative flush sample identified the organism as Mycoplasma arginini. All other flush samples that were culture negative were also PCR negative (kappa ϭ 0.89). Nasal biopsy samples from 7 cats were culture positive for Mycoplasma, and all were PCR positive. Biopsy samples that were culture negative for Mycoplasma were also PCR negative (kappa ϭ 1.0). Results of culture and PCR for both nasal flush and biopsy were concordant in 19 of 20 cats, and PCR was able to identify an unusual Mycoplasma species that did not grow in culture. In most cats, organisms could be detected in either nasal flush or biopsy samples. In this study, PCR provided rapid and sensitive detection of Mycoplasma species in nasal samples from cats and detected 1 organism that did not grow in culture.
The role of Mycoplasma species in diseases of the feline respiratory tract is controversial. Mycoplasma species have been recovered from oropharyngeal swabs of 30-93% of cats and from nasal swabs of 10% of cats, regardless of the disease status. 12, 14 Although Mycoplasma infection can cause primary pneumonia in cats, 4 it is not known whether these organisms are opportunistic pathogens or whether specific pathogenic Mycoplasma species are involved. In general, the number of cats with lower respiratory tract disease in which positive Mycoplasma cultures are obtained is low. 2, 11 However, Mycoplasma species are isolated only from the lower airways of diseased, unhealthy cats, 12 making them a potentially important pathogen. The importance of Mycoplasma in upper respiratory tract disease of cats has not been investigated to date.
To determine the role of Mycoplasma in respiratory disease, detection of the organism must first be maximized. Culture and isolation of Mycoplasma are challenging because these organisms are short lived outside the host and require a special growth medium. Mycoplasma species are relatively slow growing, requiring incubation for as long as 5 days; noncultivable species are also recognized. In addition, the type of sample submitted for analysis might affect the ability to culture organisms, and sampling techniques that rely on exfoliation of cells through lavage might result in less-frequent positive tests than tests performed on tissue samples. In swine, pathogenic Mycoplasma species adhere to cilia on epithelial cells, whereas nonpathogenic species do not, 17 suggesting that disease-causing organisms would only be isolated when appropriate host cell types are obtained on sampling.
